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BREATH ANALYSIS FOR 
MEDICAL DIAGNOSIS 

Complex mixtures of volatiles in breath form 
‘fingerprints’ that can be used to detect disease 


MITCH JACOBY, C&EN CHICAGO 

T ake a deep breath and exhale. 
Oxygen in and C0 2 out. It's an 
easy-to-remember, straightfor¬ 
ward bit of science that grade 
school kids know. The trouble 
is, the simple description of gas exchange 
from breathing ignores th e gnormous 
numb er of- volatile organic compounds that 
! come and go through our bodies with every 
breath. 

The rich assortment of chemical sub ¬ 
stances present in an individuals breath 
can reveal a great deal about tin- person 
doing the breathing. Researchers have 
been tapping into that data pool to devel¬ 
op breath analysis techniqnes that form 
the basiso fnoninvasiv e;uid painless med ¬ 
i cal testing proced ures for early detection 
of some diseases and other medical con¬ 
ditions. A number of scientists activ e in 
the field gathered at a Pit icon symposium 
to report on and learn about t he latest ad¬ 
vances in breath analysis. 

Kicking off the session, Michael Phillips 
presented a brief history of breath analy¬ 
sis and discussed some of the technical hur¬ 
dles that need to be surmounted to devel¬ 
op reliable medical tests. Described by his 
colleagues as a pioneer in rliagnostic breat h 
analysis, Phillips is the founder and chit 
executive officer o f Munssana Researc h, a 
Newark. NJ. -based company that has c - 
veloped breath tests for detecting hea rt 
transplant tciccti oii. iunv and breast can - 
cejumd other diseases. He is also a prac¬ 
ticing physician and professor of clinic J 
medicine at New York Medical College. 
Valhalla, N. Y. 

Describing the physiological basis for 
the ready exchange of gases between am 
bient air and blood, Phillips showed at¬ 
tendees a micrograph of lung tissue. Gas 
exchange occurs at the surface of numer¬ 
ous tiny chambers known as alveoli that 
are present at the tipsof bronchial air pas ¬ 
sages, he explained. Alveoli arc well adapt¬ 
ed to their Junction in that they are lined 
with a very thin membrane that's loaded 
with capillaries. 

“That means that there’s a tiny distance 


between a red blood cell moving through 
a capillary and the air inside on alveolus.” 
Phillips pointed out. He explained further 
that the large surface area (on the order 
of the size of a tennis court) and tiny dis¬ 
tances associated with alveoli afford “a 
ready opportunity for volatile organs 
compounds to diffuse from the air into 
the blood and vice versa.” 

Some components of breath arc easily 
detected without analytical instruments, 
Phillips noted. Since the days of Hip¬ 
pocrates and the ancient Greeks, physi¬ 
cians have taught their students to use 
their sense of smell to learn about their 
patients’ conditions. Phillips instructs Ins 
students to do the same today—and for 
good reason. “Yfcra can (earn a lot just by 
smelling your patients with (he unaided 
nose,” he asserted. 

For example, patients wi i h. uncontrolled 
diabetes often smell like rotten apples. 
mainly because of the acetoneJ n their 
breath, he noted. People suffering from re¬ 
nal faih-L ■ il dislir-ciitshedbyaurinc— 
odo r in eir breath caused bv 
et 1 <i>! path ats with lung 


tus used to establish the presence of CG 2 
in exhaled air. Other advances led to de¬ 
tection of e thanol and acetone in the 19 th 
century, anti in the 1470s, Linus Pauling 
used mirroroncentratifin technique s to 
detect a la rge number of volatile organic 
fj^jiipyiundsin breath. 

A key challenge in analyzing breath is 
separating the “alveolar hreath’’ (the ana- 
[ lyte-tich air delivered from deep in the 
jgflgs) from the “dead space” air (the vol¬ 
ume of breath contained in the upper air¬ 
ways, mouth, and pharynx that is unin- 
volved in gas exchange). Another challenge 

is separating and identifying the volatile 
breath components, which, according to 
Phillips, tend to he present at just pico 
rlar-level concent ra t io ns, 
lb collect samples. Phi 
coworkers use a po rt able sorbet 
system through which a test: subject 
breathes for a fixed period. The device 
s eparates dead-space air ftlie first portio n 
of exhaled breath) from alveolar breath 
and traps the organic molecules on puri¬ 
fied samples of activated carbon . The set¬ 
up is also used to collect samples of room 
air for background correction and features 
small traps that can fie sealed and trans¬ 
ported ibr laboratory analysis. The com¬ 
ponents arc .separate! 1 using standard 
mal-desorption methods coupled wi t hgas 
i hronypriyraphv and detected and quan¬ 
tified via m ass spect rometry. 

TO DETERMINE the types and concentra¬ 
tions of substances that might serve as 
markers (indicators) for particular dfe scs, 
researchers need to begin by identifying 
the components of bieath p t in 
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absce sses often have a seweniKe smefi^j 
Phillips explained, fi >r t he sum£rcttsontfiar j 
sewers smell as they do—because of the 
proliferation of anaerobic bacteria. 

By the 18th century, scientific methods 
were being used to analyze breath. In 1784, 
Antoine Lavoisier constructed anappara- 


Sacks 


healthy individuals. In a study of that type 
conducted a few years ago, Phillips and 
coworkers analyzed breath samples from 
50 people and observed some 200 volatile 
organic co mpou nds per person—but with 
wkle variation. In total, nearly 3,500 ana 
Ivies were detected, but. only 
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pounds were common to all test subjects. 
Phillips remarked that the njisst abunda nt 
volatile organic co mponent o f breath is 
i soprchc . which Kcnoted is a precursor to 
cholesterol. 

u " Aikanes T including relatively high mo- 
leailai-vveight species, constitute a large 
fract ion of the compounds found 
in people's breath. “We routinely 
see fa^ to Cjp compounds in nor- 
mafiireath samples,” Phillips said. 

Studvi rig the composition and con¬ 
centrations of straight-chain md ]| 
branched alkanes in breath “give* 
us an insight in ro the biochemistry 
going on ill the body.” 

Elaborating about the basis > if 
that insight, Phillips pointed out 
that in addition to normal meta¬ 
bolic processes t hat convert oxygen 
into water and energy; humans con- VJ 
vert oxygen to hydroxyl a nd super- 
ox ide radica ls and other reactive 
oxygen species. These potent end- EXh 
dizera can react with DNA, pro- Paw 
reins, and other biomolecules in a anat 
process referred to generic-ally as 
"oxidative stress.” Phillips noted that ox¬ 
idative "stress is known to be associated 
with diseases, and its by-products can serve 
as disease indicators. 

The connection to breath testing, 
Phillips explained, is that the reactive oxy¬ 
gen species also oxidize polyunsaturated 
fatty acids, forming lipid-based free radi¬ 
cals amt eventually volatile alkanes an d 
methylated alkan es, which are excreted in 
breath. “ t hat means that when we sue 
alk anes anti methylated alkanes in breath, 
we are actually seeing markers for oxida- 
ri vo stress .” . 

In help recognize differences between 
sets of markers, Phillips and coworkers 
developed a 3-D representa¬ 
tion of breath-component da¬ 
ta that he referred to as a 
breath methylated-alkane con¬ 
tour, The plot presents infor¬ 
mation about: each breach ami- 
panent’s molecular structure 
and the relative rates at which 
it is produced and cleared from 
the body in a visual format that 
can be used diagnostically as a 
breath “fingerprint.” 

Basing his conclusions on sta¬ 
tistical analysis of populations of healthy 
and sick test subjects, Phillips argued that 
breath “fingerprinting” offers a r eliable. 
Qoninyasiye, painless, and inexpen sive way 
of si^ ccningpatum tn'or cert ain disease s;. 
ForEearf transplant patients/tor example, 
a negative breath-test result (meaning no 


rejection of transplanted heart) would in¬ 
dicate that there’s no need to perform a 
heart biopsy, which is the standard way to 
test for organ rejection. 

Just a few weeks ago, the Food & Drug 
Administr i ion approved the breath anal¬ 
ysis test for heart transplant rejection. 





EXHALE, PLEASE University of Waterloo chemists 
Pawliszyn (left! and Lord develop techniques for 
analyzing breath samples. 


Phillips announced. 5 le noted that similar 
rlinlr-il applies nre 1 icing conducted to de¬ 
velop tests tor l una and breast canc er, pul¬ 
monary tulifircuiod*, and of her c<xntli t ions. 

Some of the other presentations in the 
symposium focused on sampling ami sam¬ 
ple preparation techniques as well as ad¬ 
vances in instrumentation. For example, 
1 leather Lord report ed on a new-technique 
in which a membrane and adsorbent trap 
art used in concert in an easily automated 
setup to extract and measure analytes for 
breath analysis, continuous air monitor¬ 
ing, and other applications. Lord serves as 
a laboratory manager in the research group 
otjanusz Pavdiszyn, a professor of chem¬ 
istry at the University of Water¬ 
loo, Ontario, and one of the sym¬ 
posium organizers. 

In the Waterloo design, ana¬ 
lytes in a carrier gas diffuse 
through a membrane and are 


large part on the design of the trap and j u- 
dicious choice of adsorbent and the length 
of trapping and heating cycles, Lord ex¬ 
plained. For breath analysis, tire group 
tends to use just a few milligrams of a com¬ 
mercial carbon molecular sieve and a flow¬ 
through trap design, she said. Another key 
feature is a cooling unit that in¬ 
cludes solid-state heat pumps and 
j heat sinks to cool the trap and in- 
: crease its adsorption capacity. 

• Unlike some t ypes of applica- 
: tiorts for which sampling is easily' 
controlled, in breath analysis re¬ 
searchers need to account for large 
variations in breathing patterns and 
the portion of the breath being 
sampled (alveolar versus dead 
space). The Waterloo group ad¬ 
dressed the issue by developing 
sampling procedures that measure 
internal standards such as CO,, 
which is fount! in normal breath 
nlsts samples at relatively constant con¬ 

centrations, Lord remarked. 

Demonstrating the membrane 
trap method, Lord and coworkers 
measured methane and ethane breath lev¬ 
els in several test subjects. She noted that 
methane in breath may be an indicat ion of 
incomplete absorption of carbohydrat es 
in the small intestine. Lord reported that 
in addition to identifying one subject with 
abnormally high breath-methane levels, 
the study showed that the technique is eas¬ 
ily applied to breath analysis and yields re ¬ 
producible results. 

An alternative approach to breath analy¬ 
sis was described by University of Michi¬ 
gan, Ann Arbor, chemistry professor 
Richard D. Sacks, a coorganizer of the sym¬ 
posium. Sacks’s group has developed an i te¬ 
st rument design and technique he refers to 
as “comprehensive 2-D gas eluomatogra- 
phy.” The GC method can provide very 
high chromatographic resolut ion and can 
be carried out with portable instr uments. 

1 n cont rast with other GC systems, the 
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through a membrane and are Michigan setup makes use of a multiseg- 
trapped and concentrated on a ment trap to concentrate analytes on a se- 
bed of solid adsorbent. The trap rie.s of carbon adsorbent beds arranged in 

is heated its a pulsed fashion at order ofadsorption strength. Analytes are 

predetermined intervals to tie- desorbed from the trap and separated in a 

liver the compounds to a gas pair of chromatography columns con- 
chromatograph (DC) for sepa- nectccl in series—a 30-meter-long column 

ration and detection. Lord not - .featuring a nonpolar stationary phase idl¬ 
ed that using a nonpolar and nonporous lowed by a very short polar column, 

membrane material such as polydi- Sacks explained that the columns are 
methylsiloxane prevents the GC from be- connected via a device known as a thermal 

ing overwhelmed by water, which is pres- modulator, which is cooled to roughly -20 

ent in large concentration in breath *C and serves as a trap for analytes eluting 
samples. from the first column. The modulator is 

Success with the technique depends in heated rapidly every 5 seconds, thereby in- 
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jeering tlic analytes into tiie second col¬ 
umn in a continuous stream of gas plugs 
of just millisecond duration. Separation in 
the short column is completed in sec¬ 
onds—before the next, sample injection. 

“In a typical 2-D analysis with a 30- 
minute run time, we generate hundreds 
of second-column separations,” Sticks re¬ 
ported, The data are presented in a 3-D 
format with first-turd second-column re¬ 
tention times plotted on the x and y axes 
and signal intensity on the z axis. Showing 
results of breath analyses, Sacks argued 
that the method offc- rs “much greater peak 
capacity and one to two orders of magni¬ 
tude better resolution than can he ob¬ 
tained with an optimized one- dimensional 
separation.” 

Instniments for 2-D gas chromatogra- 
phy are now available,commerc iatly; Sacks 
pointed out. “But they're big, heavy-; and 
expensive, and they’re tied to a huge De- 
war of liquid nitrogen.” The Michigan 
group lias been miniaturizing and simpli¬ 
fying the apparatus. For example, tin ; V 
replaced the Dewar with a smaller ere - 
ventioiuil refrigeration unit, and the DC 
oven is gone, thanks to special columns 


with built-in heating elements. “In princi¬ 
ple, our present design is transportable,” 
Sacks said, acknowledging that it is still 
fairly heavy “Vie expect to simplify it even 
farther quite soon,” he remarked, adding 
that the portable system has performed 
well in breath component separations. 

LOW CONCENTRATIONS of breath com¬ 
ponents can be detected selectively using 
a mix rue's tract ion technique, developed 
by Pawliszyn, in which volatile analytes 
are trapped on a tiny ta 

fiber coated with a poly- 'You car 

meric material. Elena E. , . . . 

Stashenko, a chemistry “ IQt JUS1 
professor at Industrial smellinc 
University of Santander, . * 

in Bucaramanga, Colom- patlSfltS 
bia, reported on using the llpoiHpH 
technique to analyze the 
compounds that remain 
in breath long after one has consumed cer¬ 
tain foods or drinks or has smoked. 

More than 60 minutes after drin king 
colgjitnonene was detected in breath sam- 


"You can learn 
a lot just by 
smelling your 
patients with the 
unaided nose." 


pies, $tashen£o reported Similarly; thymol 
andeuealyptol were detected one hour al¬ 


ter using mouthwash, and certai n sulfides 
persisted more than onc-and-a-half hours 
after c onsuming on ions, she noted. 

Stashcnlfo also described dcrivitization 
methods in which various hydrazine com¬ 
pounds such as pentafluorophenylhy- 
drazine arc* used to convert volatile car¬ 
bonyl species in bn. ith tuh> v lrazi mes-The 
technique provides select!-. < ■ and sensitive 
detection of breath anal} r: ■> and can even 
be used to separate enantiomers, she said. 

'With continuing advances in analyt¬ 
ical techniques anti in- 
learn strumentation, breath 

i analysis is poised to 

«y move from scientific 

YOUr research topic to med- 

* . , . teal diagnostic tool. As 

Vlth the Menssana’s Phillips 
.--p, ” speculated,“Physicians 

and patients of the 21st 
century may eventually 
come to think of a breath test in much 
the same way as we now think of a chest 
X-ray or a blood test: as an inexpensive 
and convenient screening test that can 
detect several diseases in their earliest 
and most treatable stages.”* 








